80

HUBERT L.  BARNES,  SAMUELS. ADAMS and ARTHUR W.  ROSE

indicates that precipitation of Cu sulfides occurred after dep-
osition of sediments but before deep burial (Rose, 1976). Trans-
port and deposition from chloride-bearing groundwaters are
indicated by the greatly enhanced solubility of Cu in a variety
of chloride complexes formed in saline groundwaters and by
an association of the deposits with evaporites that could have
supplied the chloride, as shown schematically by Figure 6.5.

The much larger "sedimentary'' Cu deposits like the Kup-
ferschiefer of western Europe share many of the characteristics
of the red-bed deposits. They contain similar Cu and Cu-Fe
sulfides; they occur adjacent to red, terrestrial sandstones; and
they are commonly associated with evaporites or with marine-
nonmarine transitions where chloride-bearing seawater or con-
nate waters may have been mobilized during deposition or
compaction. Sulfur isotopes in both types show a wide range
of values suggestive of partial reduction of sulfate at relatively
low temperatures.

A key piece of evidence for a similar origin is the recognition
that the Cu-bearing zone at the White Pine deposit in Michigan
cuts irregularly across the bedding of the enclosing siltstone
(Brown, 1971; White, 1971) and has other geometric features
expected for deposition from waters migrating upward from
underlying red sandstones. This rather typical "sedimentary"
Cu deposit is now generally agreed to have formed by replace-
ment of syngenetic pyrite by Cu-bearing connate fluids forced
by changes in hydrology to flow through the siltstone (nominally
a shale). More recently, Rentzsch (1974) has demonstrated that
the Cu-rich portions of the Kupferschiefer cut across the bed-
ding of the formation and lie on top of oxidized hematitic sand-
stones that appear to have formed by upward flow of oxidizing
waters from below. Whether these waters were flowing at the
time of deposition or later has not been established. The Dzhez-
kazgan deposit also cuts across the bedding.

Current evidence suggests no clear distinction between proc-
esses forming the lens-like, red-bed Cu deposits and the stra-
tiform "sedimentary" Cu deposits. Careful geologic studies,
like those made at White Pine, are needed to establish the
geometric relations of other "sedimentary" deposits to the en-
closing hosts and other geologic features. If they prove to be
formed by flow of diagenetic or connate fluids, then exploration
can focus on sedimentary and structural environments in which
such flows of diagenetic waters might be concentrated and
where reducing environments might be encountered.

Some workers have suggested that formation of red-bed and
"sedimentary" Cu deposits is promoted by availability of Cu-
enriched source sediment, by source terrains containing older
Cu deposits, or by conditions during certain geologic periods.
Others have indicated that under the right conditions, almost
any sedimentary pile contains adequate Cu to form ore de-
posits. If an enriched source is really important, then widely
spaced samples of rock or sediment might be used to search
for geochemical provinces favorable for the occurrence of red-
bed deposits. If the conditions are crucial to the concentration
of Cu in a normal sedimentary section, then an improved
knowledge of the factors controlling mobilization of Cu from
sediments is needed. Currently, there are at least three genetic
factors needing evaluation.

1.  The "sedimentary" Cu deposits are especially large and
well developed in rocks of Proterozoic (Middle Precambrian)
age, perhaps because of a change from a reducing to an oxi-
dizing atmosphere during that period (Cox et al., 1973, pp.
172-176). The very large Zambian and Udokan (U.S.S.R.) de-
posits and the Beltian occurrence in the United States are of
this general age. Although it is clear that ore deposition in
younger rocks is possible (Late Precambrian at White Pine;
Permian at the Kupferschiefer and in Oklahoma), a better
understanding of crustal evolution and of the ages of known
deposits could focus exploration on rocks of ages that potentially
contain the largest deposits.

2.  The red-bed and "sedimentary" Cu deposits are generally
associated with terrestrial arkosic sediments on platforms or in
downwarps within the continent. Whether they are restricted
to these environments or if other sedimentologic or tectonic
factors may be crucial to their origin is not yet clear.

3.   Studies of modern environments are needed to determine
whether there is some condition under which major amounts
of Cu can be accumulated by direct precipitation from seawater
or related fluids. For example, one hypothesis applied to the
"sedimentary" deposits has been an origin in a "sabkha" en-
vironment, where evaporation from sea-level carbonate de-
posits leads to upward movement of water, high salinities, and
an environment in which metal-bearing solutions can encoun-
ter sulfide-rich traps (Renfro, 1974). Research on modern sab-
khas and on possible methods of mobilizing and depositing Cu
and other metals in such environments might be fruitful and

FIGURE 6.5 Loci of deposition of Cu mi-
neralization at the interface between oxidized,
hematitic sandstones or shales and reducing
sediments, in vicinity of evaporites.
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